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‘‘ Rapid Preliminary Surveys on the Darling River, N.S.W.” 
By WILLTAM POOLE, JUN., Assoc. M. Inst. C.E. 

THE Darling  River is formed by  the contlugnce of several  streams 
which  rise on the  western slope  of the  great  dividing  range 
in  the  northern  portion of New South Wales and  in  the  south 
of Queensland. From the points of contluence, the  Darling flows 
southward  with  a  westerly  trend, across the  arid  interior of New 
South Wales, until it joins the  Murray  River at Wentworth. 
The distance is  about 600 miles by  river from the sea to 
Wentworth, and from  thence to Collarindabri it is about 1,250 
miles. The  river is navigable  between  Wentworth  and Col- 
larindabri,  has occasionally been navigated to Mungindi on the 
Qxeensland  border, a further  distance of 150 miles. It is a deep, 
narrow  stream,  about 400 feet  wide  between the banks,  and ranging 
in depth,  between a low, dry-weather flow and flood-level, from 
50 feet at  Walgett  to 25 feet near its junction  with  the Nurray 
River. The  river remains  remarkably  uniform in width for a 
distance of about 1,200 miles, the  rate of fall  gradually  decreasing 
from 2 75 inches to 2 -25 inches  per mile.’ The average  distance 
by  river is two  and a quarter  times as great as  that  by  land 
between the same places. The  banks  and bed are composed of 
friable  clay and fine sandy silt, with occasional rocky  bars across 
the bed  of the stream. 

The climate in  the  interior of New South Wales and Queensland, 
as in most parts of Australia, is subject to  great vicissitudes. At 
certain  times,  as in 1888, the  Darling  has been reduced to a chain 
of waterholes, a t  others, as in 1890, the  river  has remained in flood 
for  months  together, the flood-water in  many places spreading 
out in  an almost  unbroken  sheet  for  upwards of 40 miles. The 
frequent  periods of drought,  during which the  river became 
unnavigable, 00011 drew  forth proposals for regulating  the  stream 

1 Report, ‘6 Utilization of Darling Biver.”  Government  Printer, Sydney, 1893. 
S 2  
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by  means of locks  and weirs, and of clearing its bed of dangerous 
snags. A survey  was  consequently  made  by  the  Harbours  and 
Rivers  Branch of the  Public  Works  Department 386 miles up stream 
from Wentworth, but  nothing  further  was  then done. Several 
years  later  the  matter was again  taken in hand,  and  an  examina- 
tion,  without  survey, was made  from  Bourke to  Wentworth, R 

distance of about 900 miles. In  1892 the investigation  was  trans- 
ferred t o  the newly-formed Water  Conservation  Branch,  Public 
Works  Department,  and since then  a  continuous series of lock and 
weir sites  have  been surveyed between  Walgett  and  Bourke,  and 
between  Wilcannia  and Menindee, and  two  sections of this  work, 
viz., from  Brewarrina  to  Bourke,  and  from  Wilcannia to  Menindee, 
were  assigned  to the Author, at   that  time  an  Assistant-Engineer 
of the  Water  Conservation  Branch,  Public  Works  Department. 
Several  lines of levels, part of an extensive  survey,  had, however, 
been previously run in  the neighbourhood of the  river, bench- 
marks  having been left on the  banks at  frequent intervals. 

The preliminary  surveys,  carried  out by the Author,  were 
reduced to  tbe following general form. A flying  survey was 
made in  a boat over a section of the work,  including  notes as  to 
the  nature of the river-bed, with  soundings, &C.,  and details of 
rock-bars,  snags, &c. As the  result of this  investigation,  suit- 
able lock-sites were  selected and examined in detail. The  only 
continuous  survey of the  river  then  extant w a s  made about 
40 years  ago  for  topographical  purposes;  a  more  accurate  survey 
has  only  been completed along the frontage of those ;blocks of 
land which the  Government  has sold or let on  homestead lease in 
this  very  thinly  populated district. For the purposes of this 
flying  survey,  a light whaleboat  was  equipped  and provisioned for 
a week’s journey. 

The first  boat survey is best  carried out when the stream 
flows about 10 feet deep over the shallows  and at  the  rate of 
only  about 1% mile per hour. At such  times  the surface of the 
stream  has  a  very  regular  gradient over long distances,  and is 
not affected by local irregularities of the bed, thereby affording 
a good datum for the soundings.  With  the  exception of ono short 
length, these  flying  boat  surveys were made  while descending with 
the  stream,  the course steered  being as  nearly as possible that 
which  a  steamer  would hare  to take,  especially in  passing  round 
sharp bends. A wide  board placed across the gunwale8 of the 
boat was used for a table, and upon it were placed a  watch  for 
noting  the time, a prismatic compass for indicating bearings, and 
a small-scale map, showing the position of bench-marks, &c. The 
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course of the  river  and  all  details were  plotted as nearly as possible 
to scale in a large field-book, the side  distances  being  exaggerated 
for the sake of clearness. The boat  was  rowed at as uniform  a 
speed as possible and soundings  were  taken  about  every 2 chains ; 
these  were  entered in  their  proper position in  the sketch in  the 
field-book. The  bearings of all  variations  in  the  direction of the 
channel  were  stated, the time  was  noted a t  frequent  intervals,  and 
a record was kept of dangerous  overhanging  trees  and  visible 
snags, together  with a description of the  nature of the river, its 
banks, bed, &c. Rocky  patches  and  bars  were sketched in with 
greater  detail, and  their  approximate  heights above the water-level 
were shown. The water-surface  was  connected  by  levelling to all 
bench-marks that were passed, the  date,and  the  hour of such 
connection being also noted. The difference of water-level  was 
recorded  for all intermissions in the work, such as camping  for  the 
night, &c. On the completion of one of these  flying surveys-for 
instance, that from  Brewarrina to Bourke,  a  distance of 135 miles 
-a copy was obtained of the  daily  readings of the  heights at the 
nearest official river-gauges, viz., those a t  Brewarrina  and a t  
Bourke. 

The  plan of the  survey  was made to a scale of 5 chains to 1 inch, 
and  was  enlarged from the county  map of 2 miles to 1 inch so as 
to show only  the  general course without minor  irregularities, 
the  latter being  plotted in  detail from the field-book. The sound- 
ings were averaged  between  known  points,  and were entered upon 
the plan,  upon  which the  through distance was'  then scaled 
and marked, together  with  the position of all bench-marks. A 
longitudinal  section of the river-bed was  afterwards prepared from 
these  data. The reduced levels of the water-surface at  the bench- 
marks were plotted at   the  distances  obtained from the plan, and 
were connected and used  as a datum-line  from  which to  plot 
downwards the  depths of the soundings. The bench-marks  were 
generally  about 8 miles to 10 miles apart,  and  the  water-surface 
found by  these means formed an almost  uniform gradient  over 
long  distances of the river. The section  made in  this  way clearly 
determines the position and  extent of the shallows and  bars 
in the bed of the river,  and  the reduced  levels of these  shallows 
when connected by  an  instrument on land a t  low water, seldom 
varied more than 1 foot from those  found  by the boat  survey. 

The longitudinal section, taken in  conjunction with  the general 
notes,  indicated the most  favourable  sites for locks and weirs. It 
was desired to make provision for a minimum  navigable  depth of 
6 feet, and a lock-lift  between 6 feet  and 8 feet. The reduced 
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levels of the surfaces of the ponds  heId back by the proposed  locks 
were  plotted  upon the section, and  the position of the lock-sites 
were thus fixed as circumstances  directed. 

During  the progress of the second boat  survey for choice 
of lock-sites, the  river  was  constantly  falling ; after  a  heavy 
freshet, this may  be the case for  several  months.  While  removing 
from one site  to  another,  the water-surface  was again connected by 
levelling to the bench-marks, and more extensive  sketches  were 
made of the rocky  bars and  other obstructions. This second boat 
survey revealed  considerable irregularities  in  the  fall of the bed of 
the river. 

After a site  had been selected for investigation, the base-line of 
the  survey  was  run  as  near  the edge of the  bank as possible, 
substantial wooden pegs  were driven  into  the  ground  at  all points 
where cross-sections were to be  taken-generally a t  distances of 
50 feet  or 100 feet  apart. A subsidiary base-line was then run on 
the  othar  bank, pegs  being  inserted at  right angles to those on thc 
main base-line. The reduced  levels of these  pegs'were next care- 
fully ascertained, and  the cross-sections were taken  with a tacheo- 
meter  and  an  ordinary levelling-staff  without tape or chain. 
Owing to  the steepness of the banks, it was necessary to  set  up 
the  instrument as near  the  edges as possible, in order to enable 
readings  to be taken at  their foot. The  banks were  often so steep, 
and  the soil  was so friable, that it was  not safe to set up the 
instrument on the slope. In  order to keep the amount of office 
reduotions within  as  small a compass as possible, it is preferable 
to use the tacheometer as an  ordinary level, reading  the distance 
from the  instrumental  intercept on the staff. When  this is no 
longer possible, the readings and entries  are  made as  is  usual for 
this class of telemetric  instrument.  The  margin of the  river 
and  the level of the  water were  ascertained and connected on to 
each cross-section, and  these reduced levels  were checked during 
the  day by about  four  independent  reductions  by  ordinary 
levelling. The  rate of rise or fall of the water-surface a t  any 
place was, as a rule,  very slow. The soundings on the cross- 
sections were  taken  with a  levelling-staff from a boat, the face of 
the staff being  always  turned  towards the instrument.  Ranging 
rods  were set up  near  the water's  edge, so as  to  give  the boatman 
the approximate  position of the sounding. The  instrument was 
set  to  the  azimuth of the cross-section, and  the telescope was 
directed to  the position  where the sounding  was to  be  taken. As 
soon as  the  boat was in  the proper position, the signal was given 
and  the  sounding  taken.  The  angular depression to  the  water- 
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surface at  the sounding staff was then  read  by  the tacheometer, as 
was also the  depth  shown  by  the staff. This was found to be the 
quickest  and  most  reliable  method of obtaining  the soundings. 
Where the  depth exceeded that of the staff, a sounding-line, 
divided  to feet,  was used. The  angular depression was  read  to 
the edge of the  water  at  the  bank on the  distant side of the  stream, 
and  a telemetrio set of readings  was  taken at   the same  place; 
but there was sometimes difficulty in  taking  the  latter readings, 
owing  to the soft  mud and silt left on the banks  when  the  river ia  
falling. The distance  found  by  these  two  methods  rarely differed by 
more than 1 foot. The  heights  and distances on the opposite bank 
were then  taken as described, the  last  reading  being  a closure on 
the peg at  the subsidiary base-line. The cross-sections were  after- 
wards  continued  outwards  from the  two base-lines. This method 
of taking cross-sections was found to  be more than  twice as rapid 
as  the more usual one of obtaining  the  heights  by  ordinary levelling, 
the distances  by direct  chaining,  and the employment of a  stretched 
wire, with  tags  at  known intervals, in  taking  the distances at  the 
soundings. 

A 5-inch tacheometer  was used, similar to  that described by 
Mr. Brough  and Mr. Kennedy?  the  form of reduction  employed 
being  that recommended by  the  latter  Author,  using  the  Tables 
given  in  the  Appendix of his  Paper. These Tables,  adapted  to 
360°, have  been found of invaluable assistance. The  reduction of 
the distances of the sounding  was performed by means of a care- 
fully-drawn  graphic  diagram,  Plate 7, representing  the  formula :- 

d = h tan a 
where d = horizontal  distance  from the  vertical axis of instru- 

h = height of horizontal  axis of instrument above the  water- 
ment to the  sounding, Fig. 1 ; 

level ; 
and a = complement of angle of depression. 

Minutes of Proceedings Inst. C.E., vol. xci. p. 282. 
* Ibid,  vol. xcix. p. 308. 
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The diagram,  Plate 7, consisted of two  sets of parallel  straight 
lines at  right angles  to one another  and a third  set of radiating 
lines. The divisions of the horizontal  lines  represented  distances of 
2 feet,  those of the  vertical  lines represented beights of + foot. A 
series of distances for two different heights  were calculated, the 
results  being  plotted  and  connected  by  lines  radiating  from  the 
point 0 at  the  top left-hand corner. One  series of results  was 
used as a check  on the  other series. The  radiating  angular 0s 
degree  lines  were  figured on the diagram to correspond with  the 
engraved  readings of the  vertical circle of the  instrument,  in  this 
case the horizontal  or  line of zero  depression was  marked 90" and 
the angles of depression read  numerically downwards. I n  order to 
read  quickly  the  distances  to  the  soundings of any particular cross- 
section,  a  straight-edge  was  laid across the  diagram at  the  height 
h, the  intercepts of the  radiating  angular  lines  then gave the 
required  distances, interpolation of measurement  being made where 
necessary. Plate 7 is a reduction to five-eighths of a portion of 
the  diagram used by  the  Author. A diagram  suitable for any 
particular work may be  readily  drawn in the manner described. 
I f  d in  the above formula  be taken as a  round  number,  such as 
10, 20, etc., the distances for each  degree  or  calculated portion 
thereof  may  be  plotted direct  with  little os no calculation from 
a table of natural  tangents. 

Trial borings, to  test  the  suitability of the  underlying  strata 
for  foundations,  were  carried on concurrently  with  the  preliminary 
detail surveys. On several occasions, where  rocky  bars could not 
be  obtained for lock-sites, the  trial  borings showed that  the sites 
select4 were unsuitable ; other sites, as neas to  them  as possible, 
were then selected. A light 3-inch  hand-boring  plant,  worked 
by  three men,  waa  used, and  there were also three men t o  assist 
in the  survey work.  These  men  together composed the crew 
when  making  a  boat  survey. 

An instrumental  survey,  to  give a greater degree of accuracy 
than  that obtained by means of the boat  survey, would entail 
about  ten  times  the cost. 

The  Paper is accompanied by drawings, from which  Plate 7 
and  the  Figure  in  the  text  have been prepared. 

Downloaded by [ UNIVERSITY OF IOWA LIBRARIES] on [14/09/16]. Copyright © ICE Publishing, all rights reserved.



W P O O L E  

D i s t a n c e s - F e e t .  

Minutes of Proceedings of The InstituLion cf Civil Enffineers. Vol. CXXXIX. Sesslon 1899:1300, Part I Downloaded by [ UNIVERSITY OF IOWA LIBRARIES] on [14/09/16]. Copyright © ICE Publishing, all rights reserved.


